ABSTRACT Introduction: Elbow injuries are amongst the most common complaints reported by the adults and children referring to the trauma emergency units and they account for 2% to 3% of the referrals to the emergency units. The majority of these patients are referred to radiography for an examination of fracture, whereas about 30% to 40% of these individuals are found having no clear need for radiography in clinical examinations. The present study aims at investigating the relationship between the clinical and fractures' examinations scales and their usability for predicting the elbow bone injuries in patients with blunt elbow joint trauma.
INTRODUCTION
Elbow joint fractures and dislocations are inter alia the most common injuries that occur in various ages, especially during childhood and adolescence mostly when playing sports or upon falling down from elevated surfaces as well as simply by falling down or during playing games like tripping when skating or in severe impacts that are inevitable in such games as football (1) . The abovementioned incidents can cause various injuries: isolated dislocation of the elbow joint, distal humerus fracture, proximal radius and ulna fractures or a combination of the two (2) . Besides these, other types of interior and exterior joint injuries have also been defined that can be accompanied by partial or full-scale lesions (3). Elbow joint dislocation can occur as a single injury or in combination with the other fractures or injuries (4) . The elbow injuries are unpleasant in that they cause a loss of joint movements that might be subsequently followed by fibrosis and ossification of the capsule or, better said, ossification of the joint (5) . The radial head and neck fractures are prevalent in the forearm (6) .
The routine method of treating elbow injuries in emergency units is performing radiography in several various states (at least two views) for the diagnosis of fracture or dislocation (7&8). But, one has to always consider the fact that the radiographic interpretation of acute trauma in children is rendered difficult due to the emergence of ossification centers in various ages like capitulum in 1 to 2 years of age, medial epicondyle in 5 to 6 years of age, trochlea in 9 to 10 years of age and lateral epicondyle in 9 to 12 years of age, (9) .
According to the high occurrence rate of such accidents and their high likelihood in certain age and occupation groups, particularly in professional athletes, the radiographers' investigation through impact test, without considering the intensity, the location and the status of the impact, will not only incur the treatment system with huge losses, it might also be followed by the possible damages resulting from exposing the injured to the a single-time or multiple-time radiation (10) .
Although there are scattered prior researches performed on joint distension and range of motion reduction, the general summarization of post-traumatic evidences, especially on ecchymosis and hematoma, is yet to be carried out. Various factors can influence the injuries resulting from trauma regarding the way the injury has been imposed, its intensity, its symptoms and the treatment method of interest. Age, trauma intensity, the method the trauma or pressure has been incurred are amongst the most important factors (11) .
Although the patient's age, his or her physical status and a brief description of the way the trauma has been incurred by the elbow joint can generally be helpful in perceiving the intensity of the injury, the absence of special academic criteria for taking diagnostic measures on joint injuries made us to perform a study based on post-traumatic joint status so that the extension, supination, pronation, ecchymosis, hematoma and topical tenderness can be compared as signs of the elbow injuries with the routine findings of the emergency units to finally come up with a method for predicting, hence making proper decisions, regarding the injury incurred. Evidently, if the relationship between any of the aforementioned symptoms with the bone injury or dislocation turns up statistically significant, it can be applied for formulating an assumption regarding the likely bone injuries in patients with blunt elbow trauma. The impact prognostication will be investigated of its usefulness and, in the end, a method will be proposed to make use of the scales for taking elbow radiographs.
PATIENTS AND METHODS
The present study has been conducted based on a census method. The study sample volume included all of the patients who had referred to emergency and accident department of Mashhad's Imam Reza (PBUH) and Hasheminejad Hospitals for blunt elbow trauma during the time span from 2014 to 2015. The study sample volume was found in an age range from 18 to 70 years of age. The data have been collected based on field and laboratory research and observation as well as interview.
After performing detailed preliminary examinations, conducted in the form of extension, supination, pronation, local tenderness evaluations on radial head and ulnar head regions as well as on humerus epicondyle and also the investigations of the existence of ecchymosis and hematoma in elbow joint, the patients were referred for standard lateral and anterior-posterior (AP) elbow joint radiographies based on which appropriate treatments were suggested.
Then the results of the radiographs were compared with the preliminary diagnosis to reach to a final conclusion. After the required data were collected and inserted into SPSS, version 21, there was made use of diagrams, statistical tables and data point dispersion and concentration indices to describe the data and logistic regression analysis was employed to analyze the information. In the entire calculations, the significance level was set at P<0.05.
Inclusion Criteria
The entire patients with blunt elbow joint trauma in a range from 18 to 70 years of age were allowed to enter the study. 4) The patients with prior history of elbow joint surgery.
5) The patients with inflammatory and infectious diseases.
6) The patients with a past history of neuromuscular diseases.
Ethical Considerations
All the patients were firstly debriefed about the study. Then written consent letters were acquired from them followed by the insertion of the patients' information in the previously prepared forms. No additional costs were imposed on the patients and they were assured that their information will remain confidential.
RESULTS
The study sample volume included 188 patients who had referred to the emergency units of Mashhad's Imam Reza (PBUH) and Hasheminejad Hospitals in 2014 for blunt elbow trauma. Out of the patients referred to the abovementioned hospitals, 126 individuals (67%) were male and 62 individuals (33%) were female. This number of the patients were classified to four groups based on their age group: there were 68 patients, in a range from 15 to 30 years of age, in the first group with a frequency percentage of 36.2%; the second group was comprised of 52 patients, ranging in age from 31 to 43 years of age with a 27.7% frequency distribution; the third group was consisted of 47 patients in an age range of 44 to 56 years of age with a frequency distribution of 25% and, lastly, there were 21 patients in the fourth group ranging in age from 57 to 70 years of age and an 11% frequency distribution. The four groups were also classified to the five following categories in terms of the trauma reasons: vehicle passengers, 5 individuals (2.7%), motorcycle passengers, 45 individuals (23.9%), passerby and having an accident with vehicle, 31 individuals (16.5%), direct hit, 29 individuals (15.4%) and falling down, 78 individuals (41.5%).
The entire patients were evaluated and examined. The patients were also categorized in terms of the developed symptoms as follows: extension limitation in elbow joint (104 individuals), pronation limitations in elbow joint (89 individuals), supination limitation in elbow joint (57 individuals), tenderness to topical touch on the radial head (101 individuals), tenderness to topical touch on ulnar head (52 individuals), tenderness to topical touch on humerus epicondyle (28 individuals) and hematoma in elbow joint (38 individuals).
The patients were next referred to radiography unit for lateral and anterior-posterior (AP) elbow joint standard radiographs. The injuries, as evidenced in the radiography images, were divided into radius head fracture, 41 individuals, ulna head fracture, 21 individuals, distal humerus fracture, 14 individuals, proximal radius fracture, 16 individuals, proximal ulna fracture, 7 individuals and combined radioulnar fracture of the humerus, 11 individuals.
There was made use of logistic regression tests in a 0.05 significance level to investigate the relationship between the seven bimodal nominal variables of the clinical examinations, including the existence of extension limitations in the elbow joint, pronation limitations in the elbow joint, supination limitation in the elbow joint, tenderness to touch on the radial head, tenderness to touch on ulnar head, tenderness to touch on the humerus epicondyle and hematoma development, with the prediction of radius head fracture that had been found appropriate in the radiographies. The logistic analyses of the data indicated that there is a significant relationship between the radius head fracture and the development of supination limitation in the elbow joint (P=0.008), tenderness to palpation on radial head of the humerus (P<0.001), tenderness to palpation on the ulnar head (P=0.013) and tenderness to topical touch on epicondyle (P=0.008) ( Table 1) . Next, the relationship between ulna head fracture with all these bimodal nominal variables was investigated. The logistic analysis of the date indicated that there is a significant relationship between ulna head fracture with such signs as pronation limitation in elbow joint (P=0.002), supination limitation in the elbow joint (P=0.012), tenderness to palpation on ulnar head (P<0.001) ( Table 2) .
The logistic analysis of the data also showed that there is a significant relationship between the distal humerus fracture with extension limitation in elbow joint (P=0.03) and tenderness to touch on radial head (P=0.008) (P<0.05) ( Table 3) .
Furthermore, the logistic analysis of the data was indicative of a significant relationship between the proximal radius fracture with only supination limitation in elbow pit (P=0.045) and it was not found having a significant relationship with the other studied clinical variables (P>0.05) ( Table 4) .
Moreover, the logistic analysis of the data demonstrated that there is no significant relationship between the proximal ulna fracture with any of the clinical examination signs and, in the end, a significant relationship was found between the combined radioulnar fracture with such clinical examination sings as supination limitation in the elbow joint (P=0.025) and hematoma development in the elbow joint (P=0.009) (P<0.05) (Tables 5 & 6). 
DISCUSSION
Elbow injuries are the most common complaints for which the adults and children refer to the trauma emergency centers (12) . There are standardized scales for determining the relationship between the clinical examinations regarding the injuries and fractures of knee and ankle for the time being and there have been performed researches from long ago concerning the applicability and importance of the clinical findings and the injuries expressions to consider the possibilities of fractures and dislocation and referral to radiographic tests for the precise diagnosis of the injuries incurred by knee and ankle. For instance, in a study conducted by Doctor Stiell in 1992, 32 standardized clinical variables like ecchymosis, limitation in range of motion, distension and local tenderness were evaluated for various sections of ankle such as interior and exterior malleolus, distal tibia and fibula as well as the other anatomic parts of the ankle in over 750 patients with blunt ankle trauma and injuries like falling down, sprain and in accident with vehicles by emergency medicine experts before referral to radiographic imaging and the information was inserted in special forms. Then, the patients were subjected to standard ankle and foot radiographies. Out of this number of the patients, 70 individuals had severe malleolar fracture and 32 individuals had severe mid-foot fractures. It was shown in data analysis that there is a significant difference between the existent factors assessable in clinical examinations like limitation in movement, loss of weight-bearing, local distension in various sides of the ankle such as interior and exterior malleolus and proximal fibula tenderness, exterior and interior malleolus in both of the patient groups with without severe malleolar fracture. This is while, no significant difference was found between the percentages of ecchymosis development, soft tissue tenderness and distention of anterior talofibular ligaments and anterior surface of the ankle in both of the groups with and without severe malleolar fracture (13) . There are other similar studies performed in this regard and even there are cases found that the preliminary scales of the lower extremity injuries have been repeatedly evaluated (14) (15) (16) (17) (18) .
But, a generally-accepted set of scales regarding the upper extremity fractures and injuries are yet to be produced according to the scientific researches we did in such information databases like Pubmed, Scopus and Google Scholar.
In 1991, Dr. Hawksworth published his findings regarding the elbow injuries. The study was the first of its type on the upper extremity injuries. It was conducted on 95 patients with elbow trauma and injuries. The entire patients were completely examined immediately after admission in triage then they were subjected to radiography. It was found in radiographs that 54 patients have serious injuries and fractures. Also, it had been pointed out in the post-admission examinations that out of the 95 referrals, 49 patients were incapable of performing elbow extensions. The analysis indicated that the sensitivity of extension inability has been 90.7% and only 9.3% had the chance of severe injuries and engagement from the individuals who could completely extend their elbow joints in the preliminary examinations (19) .
In the study performed by Dr. Lennon et al, the results of which were published in 2007, 331 individuals, out of 407 patients referred for elbow injury and trauma, were subjected to radiographic evaluations. Four scales, i.e. complete extension and flexion of elbow joint, the ability to perform pronation/supination and normal range of motion, were evaluated by the physician. The data results indicated that these four clinical scales, complete extension and flexion of elbow joint, the ability to perform pronation/supination and normal range of motion, are 91%, 77%, 79% and 97%, respectively, for all of the studied adults and children and this is reflective of these four scales' high specificity and also suggestive of the idea that one of the abovementioned scales of the patients would be definitely abnormal if irregularities were documented in the radiographs. But, the sensitivities of these clinical scales were found lower in this study and values equal to 47%, 56%, 50% and 21% were calculated for sensitivity rates of complete extension and flexion of elbow joint, the ability to perform pronation/supination and normal range of motion, respectively. Such a low sensitivity means that the patients whose results were found normal in radiographic imaging could have also demonstrated unusual signs in the examinations (20) . Then, in 2008, the study results by Dr. Appelboam were published. The study evaluated the complete extension rates of the elbow joints in 2127 adults and children who had referred with elbow joint trauma and injuries during a two-year period. The study aimed at investigating and assessing extension rate as an effective clinical scale for rejecting the joint fracture likelihood. The elbow extension rates of the entire individuals who had referred to the treatment center were measured in the above study and then the entire patients underwent diagnostic radiography. The information obtained for 1740 individuals qualified to enter the study was evaluated and all of them were referred to radiography department. Out of the foresaid number, 602 individuals could exhibit complete elbow extension in the clinical tests and 1138 individuals could not perform it completely. Out of these latter 1138 individuals, 521 individuals were diagnosed with joint fractures. Also, the radiographic investigations showed that 17 out of the 602 individuals who had been able to perform complete elbow extensions have fractures. Next, sensitivity and specificity and the positive and negative predictive values of the clinical examinations for both of the adult and child groups as well as in total were measured. Based on the study, the sensitivity and specificity rates of complete elbow extension tests in only the adult group for the prognostication of the fracture were 98.4% and 47.7%, respectively; also, it was found out that the sensitivity and specificity rates of the fractures along with joint effusions are 97.3% and 54.3%, respectively (21) . In fact, the results obtained in this study are a lot different from the results put forth by Dr. Lennon because only the specificity of extension rates was only higher in the latter study and the sensitivity value was lower. One possible reason giving rise to such a large difference might be the study sample volume and some of the other study entrance scales. The individuals who were not deemed in need of radiography were put aside from data analysis in the study performed by Lennon and the results have only been calculated for those for whom radiographs had been requested (20) . However, it seems that the foresaid differences could not be as accountable.
In the present study, as well, the results obtained for the children were also investigated. The results indicated that the sensitivity rates of the test in prognosticating only fracture as well as fracture and effusion were 94.6% and 93.7%, respectively. The specificity of the test for the prognostication of only fracture was 49.5% which was found increased to 54.8% in prognosticating fracture or effusion. In an investigation of the totals and disregarding the age, the data analysis also indicated that the extension test has a sensitivity rate and a specificity rate of 96.8% and 48.5%, respectively, for the prognostication of only fracture. If the diagnosis objective is turned to effusion or fracture in the joint, the extension test's sensitivity and specificity will become 95.8% and 54.6%, respectively (21) . The values obtained herein for specificity and sensitivity of the extension test are still indicative of a large difference with the results obtained in the study by Lennon (4) . It seems that the ability or inability to perform extension is enumerated as an important evaluation in the clinical examinations. Due to the same reason, extension is a valuable factor in a great many of the studies and it is usually reported. But, the entire joint examinations, i.e. complete extension and flexion of elbow joint, the ability to perform pronation/supination and normal range of motion, have been evaluated in the study by Dr. Lennon which makes it more similar to our study in this regard. We, as well, besides the extension, considered other scales of joint movements like pronation and supination in the evaluations.
In continuation to the studies performed in this area, another study showed up. It was the research by Dr. Baker et al which was conducted in 2010 specifically aiming at evaluation of elbow injuries in 177 children ranging in age from 3 to 6 years of age. The elbow joint's range of motion, including extension, flexion, pronation and supination, was investigated and examined in the individuals who had referred for elbow injuries. Then, the children were subjected to radiographies. In the radiographic results of the children, 175 irregularities were totally diagnosed, including 75 fractures and 2 joint dislocations. Effusion was the only injury evidenced in 30 of these children. It had been found in the preliminary examinations that 106 children generally had unusual and disrupted range of motion and the test's sensitivity and specificity were found 93.4% and 33.8%, respectively (22) .
The disorders in extension and flexion were evaluated in a more specialized analysis and also the sensitivity and specificity values of the test were calculated. The results indicated that the sensitivity and specificity of the flexion disorder, as a prognosticative clinical factor, are equal to 88.7% and 45.1%, respectively. Moreover, the sensitivity and specificity of the extension disorder test were found equal to 80.2% and 64.8%. Also, the physicians, in this study, were asked during the preliminary examinations of the patients to assert their clinical judgment of the existence or absence of serious elbow injury to see if it can be used as a prognostication scale. The results indicated that the physicians' clinical judgment regarding serious elbow joint injury enjoy sensitivity and specificity rates equal to 90.6% and 54.3%, respectively (22) .
It can be stated in a comparison of these researches with the study we carried out that our study not only dealt with the investigation of joint movement disorders in the elbow joint injuries but also the other examinations as well as the soft tissue injury likelihoods were also evaluated because we believe that although extension test can be employed to come to a clinical conclusion in certain emergency situations and due to its acceptable sensitivity, the other important and significant points can also contribute to the reduction of the number of false diagnoses during the preliminary examinations. On the other hand, although the scale reported in the aforementioned studies was mostly based on specificity and sensitivity and, of course, it is of a great value in selection of test type, we believe that the use of logistic regression test is a more precise statistical method for performing investigations regarding various types of fractures and their relationships with the developed sings as a result of which more precious information can be acquired.
CONCLUSION
Generally, although the number of sample volumes used by various studies have been different and also with the existence of different clinical scales in investigating the extent and type of the possible injuries in blunt (non-penetrating) elbow trauma, it seems that the joint movement evaluations, especially joint extension, enjoys a high sensitivity, to wit the high sensitivity of any disorders in extension, flexion, pronation and supination in elbow joint, whether completely or partly, can be indicative of the test power in injury prognostication. But, unfortunately, the majority of these tests lack a high sensitivity as a result of which the number of false diagnosis will increase. But, in the study we performed herein based on a more different method, the fracture type was investigated and analyzed in separate according to the type of the clinical findings during the preliminary examinations and this indicated that there is a significant relationship between the radius head fracture with limitation in performing such movements as supination, tenderness to topical touch on radial head, tenderness to topical touch on ulnar head and tenderness to touch on humerus epicondyle; in addition, the data analyses also indicated that there is a significant relationship between the ulna head fracture with limitations in such motions as pronation, supination and tenderness to touch on ulna head fracture.
Also, a significant relationship was documented between the distal humerus fracture with such clinical signs as limitation in extension and tenderness to topical touch on radial head.
In the end, the logistic data analysis indicated that there is a significant relationship between proximal radius head fracture only with such a clinical symptom as limitation in supination in elbow joint and that there is also a significant relationship between combined radioulnar fracture in the elbow joint with supination limitation and hematoma development in elbow joint, but no significant relationship was found between the proximal ulna fracture with any of the studied clinical signs based on the data analysis.
